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Background: Prior analyses have demonstrated an inverse association between transcatheter
aortic valve replacement (TAVR) procedural volume and short-term outcomes. However, less is
known regarding the relationship between procedural volume and 1-year outcomes in the

contemporary TAVR era.

Objectives: To evaluate the association between annual hospital and operator TAVR procedural

volumes and 1-year clinical outcomes in a contemporary national cohort.

Methods: Clinical records from the Society of Thoracic Surgeons (STS)/American College of
Cardiology (ACC) Transcatheter Valve Therapies (TVT) Registry for patients undergoing
commercial TAVR between January 2020 and December 2022 were linked to Centers for
Medicare & Medicaid Services administrative claims. Annualized hospital and operator TAVR
volumes were modeled continuously and categorized into tertiles. Primary outcomes included 1-
year all-cause mortality, stroke, the composite of mortality or stroke, and all-cause readmissions.
Hierarchical risk-adjusted models accounting for patient clustering within sites were used to

evaluate associations between procedural volume and outcomes.

Results: Among 215,335 patients undergoing TAVR at 788 hospitals by 3,444 operators
between 2020 and 2022, median annual hospital and operator volumes were 74 (IQR: 43-115)
and 16 (IQR: 10-32), respectively. Volume was then categorized into tertiles (low, medium and
high). Compared with high-volume hospitals (>102/year), low-volume hospitals (<52/year) had
higher adjusted rates of 1-year all-cause mortality (Odds Ratio (OR): 1.10 [95% CI: 1.05-1.16])),
stroke (OR: 1.10 [95% CI: 1.01-1.19]), mortality or stroke (OR: 1.10 [95% CI: 1.05-1.15]), and
all-cause readmissions (OR: 1.05 [95% CI: 1.00-1.09]). Compared with high-volume operators
(>25/year), low-volume operators (<11/year) had higher adjusted rates of stroke (OR: 1.16 [95%

CI: 1.05-1.28]) and mortality or stroke (OR: 1.09 [95% CI: 1.03-1.15]) but not other endpoints.
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Conclusions: In a large, contemporary national TAVR registry, lower annual hospital (<
52/year) and operator (< 11/year) procedural volumes were independently associated with worse
1-year clinical outcomes. These findings suggest that procedural experience continues to

influence outcomes despite maturation of contemporary TAVR practice.

(Word count = 309; limit = 350)
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Introduction

Aortic stenosis (AS) remains one of the most common valvular heart diseases worldwide,
and transcatheter aortic valve replacement (TAVR) has become the predominant treatment
strategy for patients with severe symptomatic AS.(1-3) The rapid expansion of TAVR programs
and operators across the United States has been accompanied by longstanding interest in
procedural volume as a marker of quality and a basis for regulatory and credentialing
requirements.(4-6) Prior studies have demonstrated inverse associations between hospital and
operator TAVR volumes and clinical outcomes. Carroll and colleagues evaluated 42,988 high-
and extreme-risk patients undergoing TAVR at 395 hospitals between 2011 and 2015 and
observed a strong volume-outcome relationship, with higher hospital TAVR volumes associated
with lower in-hospital mortality.(7) In a subsequent analysis of intermediate and high/extreme
risk patients undergoing TAVR between 2015 and 2017 at 555 hospitals, risk-adjusted 30-day
mortality was higher in the lowest-volume quartile for both hospitals and operators.(8) In two
subsequent analyses in the low-risk era, a persistent inverse association between hospital as well
as operator volumes and 30-day outcomes was observed.(9,10) However, with increasing
operator experience, maturation of TAVR technology, and expansion to lower-risk populations,
the volume—outcomes relationship has progressively flattened, particularly for short-term
mortality. However, its association with longer-term outcomes, including 1-year mortality,
stroke, and readmissions, remains less well defined. This is particularly relevant as TAVR is
increasingly performed in lower-risk patients with longer life expectancy. Accordingly, we
evaluated the association between hospital and operator volume and 1-year outcomes in a large

contemporary national cohort undergoing TAVR.
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Methods

Data source: Details of the Society of Thoracic Surgeons (STS) /American College of
Cardiology (ACC) Transcatheter Valve Therapies (TVT) Registry (R) have been published
previously.(11) As reported, this registry, launched in 2011, captures data on all U.S. patients
undergoing TAVR with commercially approved devices, fulfilling the CMS requirement for
data submission to a national registry. Data integrity is supported through standardized data
elements, National Cardiovascular Data Registry (NCDR) quality checks, and annual
independent audits. Use of TVT-R data for research was approved by institutional review
boards at Advarra and Duke Clinical Research Institute (DCRI), with a waiver of informed
consent.

Study population: TVT-R clinical records for TAVR procedures performed between

January 2020 and December 2022 were linked to Medicare administrative claims (Medicare
Advantage [MA] and Medicare Fee For Service [FFS]). Linkage was achieved using a
deterministic multi-rule algorithm based on indirect identifiers (date of birth, sex, admission
and discharge dates, and hospital site) previously validated for cardiovascular registry
linkage.(12) Claims filed through the end of December 2023 were included in the analysis set
to allow for at least 1 year follow-up for all patients. Patient records from hospitals that had
performed <20 TAVR procedures over the study period (n=289), or with < 1 year of data in
the TVT registry (n=41) or that could not be linked to Medicare claims data (n=26,823) were
excluded (Supplemental Figure).

Calculation of Hospital and Operator Volumes

Annualized TAVR volume was defined as 12 times the mean monthly number of

TAVR procedures performed over the interval between the first and last procedure months.
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Total number of TAVR procedures at each hospital (or by each operator) x 12
Total number of months between first and last procedure at that hospital (or by that operator) + 1

The total number of TAVR procedures performed by each operator was determined using
their unique NPI, allowing accurate tracking across hospitals, and as previously
reported.(8,10) Since CMS requires at least two operators (an interventional cardiologist and
a cardiac surgeon) for TAVR, we assigned the operator with the highest lifetime volume
(calculated from inception of the TVT registry to December 2022) as primary.(10)

Study Outcomes: The primary outcomes were all cause mortality, stroke, the composite

of all cause mortality or stroke, all cause readmission, and home time at 1 year after the index
TAVR procedure. These outcomes were compared across low, intermediate, and high annual
hospital and operator TAVR volume tertiles. Patient follow-up was considered to be censored
at the end of the follow-up period (December 31, 2023). Linked CMS claims files were used
to create a longitudinal record including vital status and rehospitalization events, using
validated techniques.(12-14) Following hospital discharge, death was identified using the
Medicare Denominator file. Stroke was identified from Medicare inpatient claims using ICD-
10-CM diagnosis codes 160x, 161x, 162x, 163x, 16781, 16782, 16789, 1679, 197810, 197811,
197820, 197821, G9731, G9732, consistent with previously validated claims-based

algorithms.(15)

Statistical analysis:

The hospital or operator was the unit of analysis for assignment to a volume group. However,

the patient was the unit of analysis for clinical variables and outcomes. Hospital and operator
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specific TAVR volume was first calculated, ordered and categorized such that each tertile
(low, intermediate, high) had the approximately the same number of sites or operators.
Patient demographics, baseline characteristics and procedure characteristics were
compared across hospital and operator annualized TAVR volume and tested for association.
Categorical variables were presented as frequencies and assessed using Pearson chi-square
test, and continuous variables were presented as median (ql,q3) and assessed using Kruskal-
Wallis test. Cumulative rates for death, stroke, composite of death or stroke, all-cause
hospital readmissions and home time for 365 day period are also provided by volume tertiles.
Volume-Outcomes Analyses: Adjusted rates for binary outcomes of interest were
estimated using a generalized linear mixed model with binomial distribution and logit link,
with risk adjustment based on variables specified in Supplemental Methods. The 2-level
hierarchical structure of the data with patients nested within sites/operators and a random
residual was used to account for clustering within sites/operators. To mitigate non-
convergence commonly encountered in hierarchical models with multiple covariates, a single
composite risk score was used in place of individual adjustment variables. This risk score
was derived from a logistic regression model estimating the log-odds of each outcome and
subsequently incorporated as a single covariate in the adjusted hierarchical models. For the
outcome of 1-year home time, a Poisson generalized linear mixed model with a log link was
used to evaluate the association with volume tertiles. The 2-level hierarchical structure of the
data with patients nested within operators and random residuals was used to account for
clustering within sites/operators. Finally, cubic spline transformation of parameter estimates
was used to visualize relationships between TAVR volume and outcomes. Number needed to

harm (NNH) was calculated as the inverse of the absolute difference in adjusted event rates
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between low- and high-volume tertiles. For the stroke volume-outcome analyses, patients
who died within 1 year without a stroke were excluded from the analysis. Home-time was
calculated as the number of days within 365 days after the TAVR procedure date spent alive
at home. The day of TAVR was considered day 0, and then for each patient, we calculated
the number of days spent in a facility (SNF, LTAC, or an acute care hospital) within the first
365 days and subtracted them from the 1-year home time. If a patient died within 365 days
from the procedure date, days lost because of death were also subtracted from home (16).

We also evaluated the interaction between operator and hospital volumes. To minimize
chance findings from multiple comparisons, we predefined interaction testing primarily to
assess whether a low volume operator at a high volume site or vice versa performs
differently. Accordingly, the following interaction tests were pursued: high-volume
operator/high-volume hospital, low-volume operator/high-volume hospital, and low-volume
operator/low-volume hospital.

For missing adjustment variables, simple imputation techniques were used: continuous
variables were median imputed and categorical variables were imputed to mode values. Other
than information regarding the presence of left main stenosis > 50% (missing: 5.4%) and
proximal LAD stenosis > 70% (missing: 5.6%), all other variables had <1% missing
information (Supplemental Methods).

All statistical analyses were performed at DCRI using SAS version 9.4 (SAS Institute,
Cary, NC). All p-values were two-tailed, with statistical significance set at 0.05. All

confidence intervals (CI) were calculated at the 95 percent level.

Results
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Between January 2020 and December 2022, 215,335 TVT-R records linked to CMS
administrative claims data from 788 hospitals and 3,444 operators were identified and
included in the final study cohort. Figure 1 shows the distribution of annual hospital and
operator volumes. The median annual hospital and operator TAVR volumes were 74 (IQR:
43-115) and 16 (IQR: 10-32) patients, respectively. Baseline characteristics across the tertiles
of annual hospital TAVR volumes are listed in Table 1. The median patient age was 80 years,
and 44.2% of patients were women. The median STS PROM was 3.8%, and 27.3% were site-
reported as low-risk patients. Of the TAVR procedures, 96.1 were done via transfemoral
access, 6% were valve-in-valve, and cerebral embolic protection was utilized in 13.8% of
patients. Patients undergoing TAVR at low-volume hospitals and by low-volume operators
were more likely to have fewer comorbidities (for instance, PAD, prior stroke/TIA, atrial
arrhythmias) and were lower-risk patients. Importantly, patients undergoing TAVR at low-
volume hospitals and by low-volume operators were more likely to receive general anesthesia,
and had longer procedure times, higher contrast use, and greater paravalvular leak and mean
gradients post-TAVR.

At 1 year, the overall crude rates of all-cause mortality, stroke, and all-cause
readmissions were 11.3%, 3.7%, and 37.9%, respectively, while median home-time was 363
days. (Table 2)

Association between annual hospital TAVR volumes and outcomes (Figure 2, Table

2): Hospitals were categorized by annual TAVR volumes into low (<52/year), medium (53-
101/year), and high (> 102/year) tertiles. Compared with high-volume hospitals, low-volume
hospitals had higher risk-adjusted rates of 1-year all-cause mortality (12.0% vs. 11.2%;

OR=1.10; 95% CI 1.05-1.16; adjusted p-value=0.0018; NNH=125), 1-year stroke (4.0% vs.
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3.7%, OR=1.10, 95% CI 1.01-1.19; adjusted p-value=0.0085; NNH = 334), composite of 1-
year all-cause mortality or stroke (14.5% vs. 13.6%, OR=1.10, 95% CI 1.05-1.15, adjusted p-
value=0.0003; NNH = 112), 1-year all-cause readmission rates (38.5% vs. 38.0%, OR=1.05,
95% CI1.0-1.09; adjusted p-value=0.035; NNH = 91) and 1-year home time (335.2 vs. 333
days, IRR 0.99, 95% CI 0.99-1.00, adjusted p-value=0.02). One-year mortality, stroke and all-
cause mortality or stroke increased progressively across TAVR volume tertiles, with the
curves for low-volume hospitals appearing to diverge from the other two categories around 3
to 6 months (Figure 3).

Association between annual operator TAVR volumes and outcomes (Figure 4, Table

3): Operators were categorized by annual TAVR volumes into low (<1 1/year), medium (12-
24/year), and high (>25/year) tertiles. Compared with high-volume operators, low-volume
operators did not have stastically significant different risk-adjusted rates of 1-year all-cause
mortality (11.9% vs. 11.3%, OR=1.06 ; 95% CI 1.00-1.13; adjusted p-value=0.17) or 1-year
home-time (334.9 vs. 333.0 days, IRR = 0.99, 95% CI 0.99-1.00. adjusted p-value=0.25), but
higher rates of 1-year stroke (4.2% vs. 3.7%, OR=1.16, 95% CI 1.05-1.28; adjusted p-
value=0.011; NNH = 200) and 1-year all-cause mortality or stroke (14.6% vs. 13.6%,
OR=1.09, 95% CI 1.03-1.15, adjusted p-value=0.015; NNH = 112). There was no significant
difference in 1-year readmission rates (38.4% vs. 37.9%, OR=1.02, 95% CI 0.98-1.07;
adjusted p-value=0.77). One-year mortality, stroke and composite of all-cause mortality or
stroke increased progressively across follow-up in all annualized TAVR volume tertiles, with
the curves for low-volume operators appearing to diverge early (~30 days) from the other two
categories for stroke and stroke and all-cause mortality, and around 3 to 6 months for all-cause

mortality (Figure 5).

12| Page



Interaction between hospital and operator volumes for TAVR: The interaction p-values

between hospital and operator volumes were not significant for all 4 endpoints — all-cause
mortality (p=0.87), stroke (p=0.80), all-cause mortality or stroke (p=0.90) and readmission

(p=0.42).

Discussion

Our study leveraged data from the STS/ACC TVT-R linked to CMS administrative
claims to evaluate 1-year outcomes among >215,000 patients undergoing TAVR at 788 sites by
3,444 TAVR operators between 2020 and 2022. This represents one of the largest studies
evaluating one-year outcomes in this population and the relationship between annualized hospital
and operator volumes and clinical outcomes. We made several key observations. Despite treating
patients with lower baseline risk and fewer comorbidities, low-volume hospitals and operators
experienced higher rates of adverse 1-year outcomes, consistent with an inverse association
between procedural volume and outcomes. Compared with high-volume hospitals (>102
cases/year), low-volume hospitals (<52 cases/year; on average < 1 case/week) had approximately
5%-10% higher odds of mortality, stroke, or the composite of mortality or stroke at 1 year, with
event curves separating at approximately 3—6 months. Similarly, compared with high-volume
operators (>25 cases/year), low-volume operators (<11 cases/year; on average, < 1 case/month)
had 5%-15% higher odds of stroke and the composite of all-cause mortality or stroke, with
earlier separation of event curves (~30 days). Hospital readmissions were inversely associated
with hospital volume, but not operator volume. There was no significant interaction between
hospital and operator volume for any of the 4 endpoints, suggesting that the associations between

hospital and operator volume and 1-year outcomes were independent of each other.
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Volume thresholds have long played an important role as surrogates for procedural
quality. (17-23) For most procedures, there is initially a steeper volume-outcomes association,
reflecting an early learning curve. As the procedure matures, operators gain experience,
procedural and device refinements occur, and the eligible patient population expands to include
lower risk patients. Consequently, the volume-outcomes association may begin to plateau and
become apparent only for outcomes with higher event rates (e.g., composite endpoints) or over
longer durations of follow-up. In fact, in an ideal scenario, procedural volume would no longer
serve as a surrogate for quality; instead, the focus would shift toward direct assessment of quality

benchmarks to facilitate continuous quality improvement.(24)

This has indeed been true for the TAVR experience as well. Introduced in the US in 2011
for patients at high and extreme surgical risk, TAVR initially represented a high-complexity,
high-risk procedure, with in-hospital mortality of 4-6% and a median length of stay of 6 days.
(7,25) Early volume-outcomes analyses from TVT-R (2011-2015) from 395 hospitals
demonstrated a steep association between procedural volume and outcomes, with absolute
differences in in-hospital mortality exceeding 1% across institutional volume strata.(7) A similar
operator-level association was noted in a subsequent analysis as well. (8) Over the subsequent
decade, marked improvements in patient selection, device technology, and procedural
standardization have transformed TAVR into a highly streamlined intervention. In contemporary
practice, the procedure can be performed with risk comparable to complex PCI, with 30-day
mortality of approximately 2% and a median post-procedural length of stay of 1 day at most
centers. In two recent analyses of patients in the contemporary low-risk era, we observed a
plateauing of the TAVR volume-outcomes relationship at 30 days, particularly at the hospital

level,(9) suggesting that the incremental benefit of increasing institutional volumes may have
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diminished as TAVR has become more standardized and widely adopted across centers. Despite
TAVR now being performed at more than 800 sites across the United States, a modest but
persistent association between operator volume and outcomes remained evident, underscoring
the additional importance of procedural expertise even as the overall TAVR ecosystem has
matured.(10) Importantly, the present findings suggest a predominantly “low versus not low”
volume-outcomes relationship, with minimal additional separation between mid- and high-
volume centers. The operator level volume thresholds identified in the present analysis (<11, 12-
24, and >25 cases/year) were similar, albeit slightly lower, than those reported in our prior
analysis (<14, 15-36, >37 cases/year), likely reflecting restriction of the present cohort to

Medicare eligible patients.(10)

Notwithstanding the possibility of performance outliers independent of procedural
volume and variability within volume strata, the present findings suggest that volume thresholds
remain a relevant and potentially important policy lever for maintaining procedural safety and
optimizing outcomes. In particular, the persistence of a volume-outcomes relationship in the
contemporary era supports continued consideration of minimum volume standards within future
regulatory and accreditation frameworks for TAVR programs and operators. While the operator-
level association was evident at both 30 days and 1 year, the hospital-level association appeared
to emerge primarily over longer-term follow-up, suggesting that institutional factors may exert a
more cumulative influence on outcomes beyond the periprocedural period. These findings are
particularly relevant given that the recently proposed TAVR NCD places primary emphasis on
operator competency and procedural volumes,(26) yet our results suggest that hospital-level
experience and systems of care may independently contribute to longer-term outcomes (death,

stroke, readmissions) and therefore warrant consideration within future regulatory frameworks.
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Any such requirements, however, must be balanced against potential effects on access to
care.(27,28) If a causal relationship is assumed, our NNH estimates suggest that approximately
112 patients would need to be treated at high-volume rather than lower-volume centers to
prevent one death or stroke at 1 year. Applied to the study population, this effect size
corresponds to approximately 211 excess deaths or strokes at 1 year among patients treated at
low-volume hospitals during the 2-year study period. These estimates provide a clinically
interpretable measure of the tradeoff between procedural quality and access. Although TAVR
operators and hospitals were predominantly located in urban areas, the relatively greater
representation of minorities and rural hospitals and operators among lower-volume programs
suggests that these centers may play an important role in expanding access to TAVR. This
tradeoff is likely to assume greater importance over time as the prevalence of AS continues to
rise with population aging. In the absence of effective therapies to prevent or delay disease
progression, increasing numbers of patients will require valve intervention.(3,21) Moreover,
structural valve degeneration following both surgical and transcatheter bioprosthetic valve
replacement is generating an additional and rapidly growing population of patients who may

require repeat treatment,(29,30) further amplifying the demand for TAVR services.

An important observation was that patients undergoing TAVR at low-volume hospitals
and by low-volume operators were, on average, lower risk, yet were more likely to undergo
general anesthesia and experienced longer procedure times. In our prior analysis, we observed
similar differences in process-of-care measures between low- and higher-volume operators,
including greater contrast utilization and worse post-procedural mean aortic valve gradients and
higher rates of paravalvular regurgitation compared with high-volume operators.(10) Others have

reported an inverse association between hospital TAVR volumes and failure to rescue from
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major in-hospital complications.(31) Collectively, these findings suggest plausible mechanistic
pathways through which lower procedural volume may translate into worse longer-term
outcomes, despite treatment of ostensibly lower-risk patients, as well as possible interventions to
improve them. This is an important consideration for access discussions as well,(32) and

supports the robustness and clinical relevance of the volume-outcome association.

In prior analyses comparing administrative claims-based outcomes with clinical events
committee-adjudicated endpoints, claims-based ascertainment of mortality has demonstrated
very high accuracy.(33) Despite a lower reported sensitivity for stroke ascertainment using
claims-based data,(34,35) the stroke rates observed in the current analysis appear similar to prior
reports based on adjudicated clinical outcomes.(36,37) We focused on outcomes through 1 year,
as longer-term events are increasingly influenced by post-procedural management (including by
other clinicians and hospitals) and patient-level factors rather than the quality of the index TAVR
procedure. The differing temporal patterns observed for operator- and hospital-level associations
are noteworthy. Divergence in operator-level outcomes was evident by 30 days, a timeframe
closely linked to procedural performance and technical expertise. In contrast, separation of
hospital-level outcome curves emerged after 3-6 months, suggesting contributions from factors
beyond the procedure itself, including early post-procedural care, discharge planning,

institutional infrastructure, and longitudinal follow-up processes.

We acknowledge several limitations of this analysis. First, as a retrospective
observational study, the findings remain susceptible to residual and unmeasured confounding
despite comprehensive risk adjustment, particularly given that the study period encompassed the
COVID-19 pandemic. Our linkage relied on deterministic matching using indirect identifiers;

and therefore, linkage failures and mislinks are possible and may introduce selection or
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classification bias. Because TVT-R excludes trial procedures, operator and hospital volumes may
have been underestimated at participating centers. CMS requires TAVR procedures in the U.S. to
be jointly performed by an interventional cardiologist and a cardiac surgeon, making primary
operator designation and attribution of outcomes challenging. Consistent with prior studies, we
designated the operator with the greatest cumulative TAVR experience as the primary
operator.(10) Data on dedicated structural fellowship training were unavailable, and lifetime

operator experience could only be indirectly measured.

In conclusion, our analysis of a large, contemporary CMS-linked national TAVR registry
demonstrates an inverse association between annual hospital and operator procedural volumes
and I-year clinical outcomes. Annual hospital volumes <52 and operator volumes <11 cases
were independently associated with worse outcomes compared with higher volume hospitals and
operators, respectively. These findings may inform future quality and policy initiatives and help

identify potential targets for quality improvement.

18| Page



Figure 1: Distribution of annual hospital (panel A) and operator (panel B) volumes for TAVR

Figure 2: Relationship between annual hospital volumes and 1-year all-cause mortality (panel
A), stroke (panel B), mortality or stroke (panel C) and readmissions (panel D).

Figure 3: Relationship between annual hospital volume tertiles and 1-year all-cause mortality
(panel A), stroke (panel B), mortality or stroke (panel C) and readmissions (panel D).

Figure 4: Relationship between annual operator volumes and 1-year all-cause mortality (panel
A), stroke (panel B), mortality or stroke (panel C) and readmissions (panel D).

Figure 5: Relationship between annual operator volume tertiles and 1-year all-cause mortality
(panel A), stroke (panel B), mortality or stroke (panel C) and readmissions (panel D).
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Table 1. Patient and clinical characteristics by annualized hospital TAVR volume tertiles

Tertile 2 Tertile 1 Tertile 2
Tertile 1 Tertile 3 Tertile 3
(53- (< (12-
(£ 52/year) 101/year) (=102/year) 11/year) 24/year) | (=25/year)
N= N= N= N= N= N=
23,645; 56,791; 134,899; 11,822; 32,000; 171,113;
Hospitals = | Hospitals = | Hospitals = Operators | Operators | Operators p-
263) 261) 264) p-value | =1,030) =1,256) =1,158) | value
Sociodemographic

Age (Median, IQR) 79.0 (74.0, | 80.0 (74.0, 80.0 (74.0, <0.001 | 80.0(74.0, | 79.0 (74.0, | 80.0 (74.0, | <0.001

85.0) 85.0) 85.0) 85.0) 85.0) 85.0)
Female gender, % 46.7 43.9 44.0 <0.001 44.9 44 .4 44.1 0.14
Non-White non-Hispanic, 13.3 10.5 8.7 <0.001 13.8 10.5 9.2 <0.001
%
Body Surface Area 1.9 (1.7, 1.9 (1.8, 1.9 (1.7, <0.001 | 19(1.7, 1.9 (1.8, 1.9 (1.7, | <0.001
(Median, IQR) 2.1) 2.1) 2.1) 2.1) 2.1) 2.1)

Past medical history

Diabetes, % 37.4 37.2 36.8 0.11 38.5 38.0 36.7 <0.001
Peripheral artery disease, 17.5 18.4 20.7 <0.001 18.1 18.1 20.2 <0.001
%
Current smoker, % 5.9 5.7 5.1 <0.001 5.5 5.6 53 0.022
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Dialysis, % 3.2 3.0 2.9 0.12 3.4 3.0 3.0 0.05
Prior M1, % 15.2 15.8 17.3 <0.001 15.8 16.2 16.8 <0.001
Prior PCL, % 31.1 31.0 29.5 <0.001 30.1 30.8 29.9 0.011
Prior CABG, % 14.0 14.6 14.6 0.054 13.4 14.6 14.6 0.002
Prior cardiac surgery, % 17.3 18.7 19.5 <0.001 17.5 18.6 19.2 <0.001
Prior stroke/TIA, % 13.9 14.9 15.9 <0.001 14.6 15.0 15.5 0.003
Severe lung disease on 6.9 6.4 59 <0.001 4.8 5.0 4.7 0.11
home oxygen, %

Hostile chest, % 2.6 3.5 3.2 <0.001 3.1 2.7 33 <0.001
Porcelain aorta, % 0.9 0.8 0.8 0.12 0.9 0.9 0.9 0.6
Atrial fibrillation or 33.5 342 36.5 <0.001 343 35.2 35.7 0.004
flutter, %

Permanent pacemaker, % 11.7 11.5 11.3 0.16 11.4 11.6 11.4 0.58
Previous ICD, % 23 2.5 2.6 0.043 2.8 24 2.5 0.099
Conduction defect, % 27.8 30.1 359 <0.001 293 30.4 34.4 <0.001
NYHA class IV within 2 8.8 9.0 8.7 0.092 8.9 8.4 8.9 0.011
weeks, %

Prior aortic valve 59 6.8 8.7 <0.001 6.7 6.9 8.1 <0.001

procedure, %
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Laboratory values and testing

LVEF, % (median, IQR) 60.0 (54.0, | 60.0 (53.0, 60.0 (53.0, <0.001 | 60.0(53.0, | 60.0 (53.0, | 60.0 (54.0, | <0.001
63.0) 64.0) 65.0) 63.0) 63.0) 65.0)

Hemoglobin, g/dL 12.5(11.1, | 12.6(11.2, 12.5 (11.1, <0.001 | 12.5(11.1, | 12.5(11.2, | 12.5(11.2, | 0.012

(Median, IQR) 13.7) 13.8) 13.7) 13.7) 13.7) 13.7)

eGFR (Median, IQR) 61.8(47.4, | 61.8(47.4, 61.9 (47.2, 0.76 61.7(47.2,| 61.4(47.1, | 62.0(47.3, | 0.016
78.1) 77.9) 77.8) 77.8) 77.1) 77.9)

Left main stenosis > 50%, 5.4 5.1 5.2 0.04 5.0 5.4 5.2 0.36

%

Proximal LAD > 70%, % 12.1 11.9 10.8 <0.001 11.2 12.2 11.1 <0.001

KCCQ overall score 50.0 (31.3, | 50.0 (31.3, 51.0 (31.8, <0.001 | 49.0(30.2, | 50.0 (31.3, | 51.0 (31.8, | <0.001

(Median, IQR) 69.8) 70.8) 72.9) 68.8) 70.8) 71.9)

Bicuspid aortic valve, % 9.6 9.9 9.5 0.027 10.1 9.5 9.6 0.21

Moderate/severe MR, % 18.3 18.6 19.4 <0.001 19.0 18.7 19.2 0.11

Moderate/severe TR, % 16.0 16.1 16.4 0.14 16.2 16.3 16.3 0.97

STS PROM (Median, 3.6(2.2, 3.7(2.3, 3.8(24, <0.001 | 3.7(2.3, | 3.7(23, | 3.8(24, |<0.001

IQR)* 5.9) 6.0) 6.4) 6.1) 6.0) 6.3)

High/extreme risk (site 32.5 31.2 40.3 <0.001 34.3 35.0 37.6 <0.001

reported), %

Low risk (site reported), 30.6 32.8 24.5 <0.001 29.9 28.9 26.9 <0.001

23| Page




%
Procedural characteristics
Transfemoral access (%) 97.0 96.2 95.9 <0.001 96.4 96.6 96.0 <0.001
Valve-in-valve procedure 4.6 5.1 6.7 <0.001 53 52 6.2 <0.001
(%)
Embolic protection use 8.2 9.1 16.8 <0.001 10.5 10.3 14.7 <0.001
(%)
Minimal or 48.6 51.0 63.5 <0.001 54.7 55.0 59.7 <0.001
moderate/conscious
sedation (%)
Procedure duration (mins) | 72.0 (55.0, | 65.0 (49.0, 62.0 (46.0, <0.001 | 72.0 (55.0, | 68.0 (52.0, | 63.0 (47.0, | <0.001
96.0) 86.0) 84.0) 96.0) 90.0) 85.0)
Contrast volume (ml) 90.0 (60.0, | 80.0(55.0, 70.0 (47.0, <0.001 | 85.0(60.0, | 80.0 (54.0, | 74.0 (50.0, | <0.001
126) 115) 100) 123) 114) 105)
Mean gradient at end of 10.0 (7.0, 10.0 (7.0, 10.0 (7.0, <0.001 | 10.0(7.0, | 10.0 (7.0, | 10.0(7.0, | <0.001
procedure or hospital 14.0) 14.0) 13.0) 14.0) 14.0) 14.0)
discharge (mean and
median values; mmHg)
No post-procedure aortic 68.7 67.2 61.2 <0.001 69.6 70.7 68.1 <0.001
paravalvular
regurgitation, (%)
Length of stay (days)** 1.0 (1.0, 2.0) 1.0 (1.0, 1.0 (1.0, 3.0) | <0.001 1.0 (1.0, 1.0 (1.0, 1.0 (1.0, | <0.001
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2.0)

3.0)

2.0)

2.0)

Hospital characteristics

Bed size, (median, IQR) 344 ( 250, 389 (1288, 539 (380, <0.001
425) 519) 753)
Region, %: 0.001
e 399 e 395 e 333
e South e 251 o 26.1 o 227
e Midwest e 209 e 238 e 19.7
e West e 129 e 10.0 e 239
e Northeast
Type of hospital, % <0.001
e 18.6 e 115 e 6.1
e Rural e 323 e 30.7 e 284
e Suburban e 490 e 579 e 0655
e Urban
Teaching hospital, % 51.7 51.0 70.5 <0.001

* STS PROM for isolated surgical aortic valve replacement (for TAVR patients)

eGFR based on MDRD equation

** for patients discharged alive
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Table 2. Risk-adjusted rates and outcomes by annualized hospital and operator TAVR volume tertiles

Hospital Operator
Tertile 2 Tertile 3 Adjusted p- Adjusted p-
Tertile 1 value Tertile 1 Tertile 2 Tertile 3 value
(53- (=>102/year)
(£ 52/year) 101/year) (N= (5 11/year) | (12-24/year) | (=25/year)
(N =23,645; | (N =56,791; 134,899; (N=11822; | (N=32000; | (N=17113;
Hospitals = | Hospitals = | Hospitals = Operators = | Operators = | Operators =
263) 261) 264) 1030) 1256) 1158)
1-year all-cause 95 9.0 8.7 0.0018 92 88 8.7 0.17
1 0
mortality, % OR:1.10 | OR:1.05 OR:1.06 | OR:1.01
(95% CI1.05 | (95% CI 1.00 (95% CI11.00 | (95% CI10.97
—-1.16) —-1.09) -1.13) —1.06)
1-year stroke, % 3.7 3.4 34 0.0085 3.9 3.4 3.4 0.011
OR: 1.10 OR: 1.02 OR: 1.16 OR: 1.03
(95% CI11.01 | (95% CI10.96 (95% CI 1.05 | (95% CI1 0.96
-1.19) —1.08) —1.28) -1.1)
1-year all-cause 12.3 11.7 11.4 0.0003 12.3 11.6 11.4 0.015
mortaht?{)/or stoke, | OR:1.10 | OR: 1.03 OR:1.09 | OR:1.02
’ (95% CI 1.05 | (95% CI10.99 (95% CI11.03 | (95% C10.98
—1.15) -1.07) —1.15) —1.06)
1-year readmission 38.0 37.2 36.9 0.035 37.5 372 37.0 0.77
OR: 1.05 OR: 1.01 OR: 1.02 OR: 1.01
(95% CI 1.00 | (95% C10.98 (95% CI10.98 | (95% CI10.98
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~1.09)

—1.05)

~1.07)

—1.04)

CI = confidence intervals; OR = odds ratio
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Figure 1. Annual Hospital and Operator Volumes (Panels A-B)
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Figure 1: Distribution of annual hospital (panel A) and operator (panel B) volumes for TAVR




Figure 2. Annual Hospital Volume and Outcomes (Panels A-D)
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Figure 2: Relationship between annual hospital volumes and 1-year all-cause mortality (panel A), stroke (panel
B), mortality or stroke (panel C) and readmissions (panel D).



Figure 3. Annual Hospital Volume Tertiles and Outcomes (Panels A-D)
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Figure 3: Relationship between annual hospital volume tertiles and 1-year all-cause mortality (panel A), stroke
(panel B), mortality or stroke (panel C) and readmissions (panel D).




Figure 4. Annual Operator Volume and Outcomes (Panels A-D)
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Figure 4: Relationship between annual operator volumes and 1-year all-cause mortality (panel A), stroke (panel
B), mortality or stroke (panel C) and readmissions (panel D).



Figure 5. Annual Operator Volume Tertiles and Qutcomes (Panels A-D)
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Figure 5: Relationship between annual operator volume tertiles and 1-year all-cause mortality (panel A), stroke
(panel B), mortality or stroke (panel C) and readmissions (panel D).



Volume-Outcomes Relationships in Contemporary TAVR
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* Low hospital and operator volumes were each independently associated with worse outcomes

* Findings support continued consideration of minimum operator and site volume standards to optimize
patient outcomes, while balancing quality with access
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